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Description 



The present invention relates to a method of con- 
ducting assays, particularly so-called dynamic assays 
or "flow through" assays. More particularly, it relates to 
conducting assays wherein a binder and analyte are 
contacted on an absorbent material. 

It has been known in the art to conduct immunolog- 
ical assays by using an apparatus which conta.ns an ab- 
sorbent material or an absorbent zone which induces a 
flow of liquid containing an analyte through a mem- 
brane, which supports an antigen, antibody, or other 
type of binder for the analyte. 

US-A 4 366 241 , discloses a flow-through assay de- 
vice and assays employing such a device. The assay 
device has an immunosorbing zone to which is fixed a 
member of an immunological pair. Located adjacent to 
the immunosorbing zone is a liquid absorbing zone 
which draws a liquid sample through the immunosorbing 
zone The absorbing zone can control the rate at which 
the liquid sample is drawn through the immunosorbing 
zone 

US-A 4 632 901 discloses an apparatus and proc- 
ess for conducting immunoassays wherein an antibody 
such as a monoclonal antibody is bound to a membrane 
or filter An absorbent material is located below the 
membrane or filter which induces flow of a fluid sample 
through the membrane or filter. Analyte in the fluid sam- 
ple will bind with the antibody on the membrane or filter. 
Labelled antibody against the analyte may then be add- 
ed A washing step then removes unbound labelled an- 
tibody The presence of labelled antibody on the mem- 
brane or filter following the washing step is indicative of 
the presence of analyte in the sample being assayed. 

EP 21 7403 discloses a material and device for use 
in solid-phase binding assays to determine the pres- 
ence or amount of an analyte in a test sample. The ma- 
terial comprises a porous matrix of fibers and a plurality 
of substantially spherical, solid particles having an av- 
erage diameter of from about 0.1 to about 5 microns. 
The particles are retained and immobilized upon the fib- 
ers of the matrix. Preferably, the particles have on their 
surfaces a substance capable of reaction with the ana- 
lyte in the sample, and the average diameter of the par- 
ticles is less than the average pore size of the matrix. 
The device, in a preferred embodiment, comprises a 
substantially planar layer of the described material. 

EP 299 299 discloses a diagnostic apparatus sys- 
tem A one piece porous substrate is provided in a con- 
tainer The substrate serves both to extract an ant.gen 
in or on a top layer thereof with the remainder of the 
substrate serving as a reservoir. The pores in the top 
surface of the substrate are microscopic for entrapment 
of microspheres carrying antibodies. A target ant.gen in 
a test sample attaches to the antibodies when the test 
sample is poured through the top layer. The pores in all 
but the top layer of the substrate have a much greater 
pore size to comprise the reservoir portion of the sub- 



According to the present invention, there is provid- 
ed an assay for determining analyte which comprises 
applying a sample containing analyte to a surface of a 
s microporous ceramic absorbent material which is of uni- 
form microporosity throughout to enable said materia 
to retain non-charged particles having a size of at least 
0 1 micron and no greater than 10 microns and which 
supports at least one binder for the analyte; and deter- 
w mining analyte retained thereon. 

According to the present invention, there is also pro- 
vided a device which comprises a microporous ceramic 
absorbent material which is of uniform porosity through- 
out to enable said material to retain non-charged parti- 
ts des having a size of at least 0.1 micron and no greater 
than 10 microns and which supports at least one binder. 

In one embodiment there is provided an assay for 
an analyte wherein a sample containing analyte is di- 
rectly applied to an absorbent material on which is sup- 
20 ported at least one binder for the analyte. Thus, in the 
assay, a sample containing analyte is applied to a sur- 
face of an absorbent material having at least one binder 
for the analyte supported on at least a portion of the sur- 
face of the absorbent material. The absorbent material 
25 employed in the assay is one which is capable of induc- 
ing capillary flow whereby liquid applied to a surface 
thereof is drawn into the absorbent material. In addition, 
the absorbent material is characterized by a porosity or 
density whereby the absorbent material is capable of re- 
30 taining non-charged particles having a size of at least 
0 1 micron and no greater than 10 microns on the sur- 
face thereof. The sample flows past the supported bind- 
er into the absorbent material and analyte is bound by 
the binder. The analyte bound by the supported binder 
35 is then determined. The sample flows past the binder 
andthrough the absorbent material by virtue of capillary- 
type movement through the absorbent material. The ab- 
sorbent material may be contained within a casing which 
may be made of plastic. The type of assays intended to 
40 be covered within the scope of the invention are known 
to those of ordinary skill in the art. Such assays include 
competitive assays, sandwich assays, enzyme-linked 
immunosorbent (ELISA) assays, agglutination assays, 
indirect assays, and other assays known in the art. 
45 The lollowing aspects have only comparative value 
to illustrate the present invention as previously defined^ 
In another aspect there is provided a device which 
comprises an absorbent material which is divided into a 
plurality of test zones. Each of the plurality of test zones 
so has a surface capable of retaining non-charged particles 
having a size of at least 0.1 micron and no greater than 
1 0 microns. Such a device may be employed in conduct- 
ing a plurality of assays of the types hereinabove de- 
scribed The absorbent material of the device enables 
55 one to apply sample to each of the test zones in that the 
absorbent minimizes cross-flow of sample between test 

zones. , 
The absorbent material may be selected from poly- 
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olefins (preferably polyethylene), polyesters and cellu- 
lose acetate. The absorbent material may be treated 
with a cellulose containing material. The absorbent ma- 
terial may be a pressed ceramic material or a porous 
ceramic material. 

In another aspect of the present invention, the sam- 
ple containing analyte is applied to a surface of a wet- 
table porous plastic which is capable of retaining non- 
charged particles having a size of at least 0.1 micron 
and no greater than 10 microns; and determining ana- 
lyte retained on said surface. 

In another aspect the device has a cover which has 
a plurality of openings, each of which is located above 
a surface of a corresponding test zone. A preferred em- 
bodiment of the cover is made of a pressure-sensitive 
material, such as vinyl, and has die cut openings. 

In another aspect there is also a casing which com- 
prises a top lid portion and a bottom portion, the top lid 
portion having an opening, the absorbent material being 
contained within the casing, and the surface being sur- 
rounded by the opening in the top lid portion. 

In another aspect there is provided a device which 
is comprised of an absorbent material as hereinabove 
described. The surface of the absorbent material con- 
tains at least one well portion, each of the at least one 
well portion(s) defining a test zone. The at least one well 
portion is capable of receiving a sample. Preferably, the 
surface of the absorbent material contains a plurality of 
well portions. More preferably, the surface of the absorb- 
ent material further includes at least one channel, with 
each of the at least one channel(s) disposed between 
two of the plurality of we lis. The at least one channel(s) 
are adapted to receive an overflow of sample which may 
be applied to a well. Such an embodiment may be in the 
form of a microtitre plate. 

The invention will now be further described with ref- 
erence to but in no manner limited to the accompanying 
drawings, in which: 

Figure 1 is a top view of an embodiment the surface 
of an absorbent material in accordance with an em- 
bodiment of the present invention; 
Figure 2 is an exploded view of a first embodiment 
of an absorbent material contained within a casing; 
Figure 3 is an isometric view of an alternative aspect 
depicting a plurality of test zones; 
Figure 4 is a top view of another embodiment of the 
surface of an absorbent material in accordance with 
an embodiment of the present invention; 
Figure 5 is an isometric view of yet another aspect 
depicting an absorbent test plate having a plurality 
of test zones; 

Figure 6 is a cross-sectional view of the aspect 
shown in Figure 5; and 

Figure 7 is a top view of a plurality of absorbent test 
plates contained in a tray. 

Referring now to the drawings, a solid support in 



accordance with the present invention may be in the 
form of a cylinder 10 having a top surface 1 2. The cylin- 
drical support 1 0 may be contained within a casing com- 
prised of a bottom portion 18 and a top lid portion 20. 

5 The lid 20 of the casing has an opening 22 which sur- 
rounds the surface 12 of cylinder 10. 

The embodiment shown in Figure 1 illustrates an 
embodiment in accordance with the present invention 
which is known as a plus or minus trap assay. 

10 Located on surface 12 of cylinder 10 in one embodi- 
ment, are analyte zone 14 and binder zone 16. The an- 
alyte and binder may be directly attached to the surface 
1 2 by passive or covalent attachment, or they may be 
attached to latex particles which are on surface 12. It 

15 can be seen that, in this embodiment, analyte zone 14 
and binder zone 16 intersect or overlap with each other, 
thus forming the shape of a plus ■"+" sign. When one 
desires to conduct an assay in accordance with this em- 
bodiment, one will place the analyte in zone 14 or sur- 

20 face 12, and place a binder for the analyte in zone 16. 
When one contacts surface 1 2 with a sample suspected 
of containing analyte, the analyte, if present, will bind to 
the binder in zone 16. After the sample is added, the 
surface 1 2 is contacted with a tracer having a detectable 

25 label, which is bound by the analyte. If analyte is present 
in the sample, the tracer having the detectable label will 
bind to both zones 14 and 16. After the surface 12 is 
subsequently washed, a plus n + b sign will appear on the 
surface 12 of support 10, thus indicating the presence 

30 of analyte. If analyte is not present in the test sample, 
the tracer having the detectable label will bind only to 
the analyte in zone 14. The test result will thus be read 
as a minus ■-■ sign, thus indicating the absence of anti- 
body to the trap antigen in the sample. 

35 Alternatively, as shown in Figure 4, there may be 
located on surface 12 a binder spot 42, which contains 
a binder for the analyte, and control spot 44, which con- 
tains a non-reactive antigen or antibody (e.g., a gamma- 
globulin). The non-reactive antigen or antibody con- 

40 tained by control spot 44 serves to detect contaminants 
by trapping non-specific materials. If non-specific bind- 
ing contaminants are present, such contaminants will, 
bind to the non-reactive or non-specific antibody con- 
tained by control spot 44, and develop control spot 44. 

45 When sample is applied to the surface 12, analyte, if 
present, will bind to the binder in binder spot 42, and 
develop binder spot 42. If analyte is not present, binder 
spot 42 will not be developed. The binder may be directly 
attached to surface 1 2, or may be attached to latex par- 

50 tides which are on surface 1 2. When latex particles are 
employed, binder spot 42 includes latex particles to 
which binder is attached, and control spot 44 includes 
latex particles to which are attached the non-reactive (i. 
e., non-specific) antigen or antibody. If a sample con- 

55 taining analyte is applied to surface 1 2, analyte will bind 
to the latex particles contained in binder spot 42, and 
there should be no binding to the particles contained in 
control spot 44. If analyte is not present in a sample, 
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neither binder spot 42 nor control spot 44 should be de- 
veloped II control spot 44 is developed, regardless of 
whether binder spot 42 is developed, the development 
of control spot 44 indicates the presence of contami- 
nants in the sample and/or in the testing materials. If 
control spot 44 is in fact developed upon application of 
a test sample, the test results should then be disregard- 
ed and the presence of analyte should be redetermined 
using another support. 

In an alternative aspect, shown in Figure 3, a sup- 
port 30 made of an absorbent material as hereinabove 
described is divided into a plurality of test zones 32. 
Each of the test zones 32 has a surface 34 upon which 
may be placed binder for the analyte, and, if desired, 
analyte as well, as hereinabove described, so as to form 
a binder spot or a "trap" zone. Binder and control spots 
as hereinabove described can also be placed upon sur- 
face 34 as well. The binder, and, if desired, analyte, may 
be directly attached to surface 34, by passive or cova- 
lent attachment, or may be attached to latex particles 
which are on surface 34. The porosity of the absorbent 
which makes up the test zones 32 is sufficient to mini- 
mize cross-flow of sample from one test zone to another. 
As a further deterrent to cross-flow between test zones 
32 the test zones 32 are separated from each other by 
a plurality of channels 40 which have been cut into the 
absorbent material. Thus, this embodiment enables one 
to cany out a plurality of assays using one device con- 
taining a plurality of test zones wherein a sample may 
be applied to a plurality of the test zones, whereby sam- 
ple applied to one test zone will not cross-flow to, or con- 
taminate, an adjacent test zone. 

Located on the top of support 30 may be a cover 36 
having a plurality of openings 38. Each of said openings 
38 is located above a surface 34 of a corresponding test 
zone 32. In a preferred embodiment, cover 36 is made 
of a pressure-sensitive vinyl having die cut openings. 

In yet another aspect, shown in Figures 5 and 6, a 
support 50 is shown in the form of a microtitre plate, in- 
cluding an absorbent substrate 52 as hereinabove de- 
scribed, into the surface 53 of which are cut a plurality 
of wells 54, each of said wells 54 defining a test zone. 
Each of wells 54 is bounded by a circular wall 55. It is 
to be understood, however, that the shape of wells 54 
is not to be limited to a circular shape. A plurality of the 
supports 50 may be contained within a tray 60. 

Each of wells 54 includes a surface 56 to which a 
sample may be applied. Located on surface 56 is a bind- 
er for the analyte, and. if desired, analyte as well. The 
binder and analyte may be in the form of analyte zone 
14' and binder zone 16'. Surface 56 can have, as an 
alternative, a binder spot and a control spot, as herein- 
above described. The binder, and, if desired, analyte, 
may be attached to surface 56 by passive or covalent 
attachment, or may be attached to latex particles which 
are on surface 56. Located between wells 54 are chan- 
nels 58, each of said channels 58 being bounded by 
walls 57,59.61 and 63. Each of said channels 58 is 



adapted to receive overflow of sample applied to an ad- 
jacent well 54. Thus, channels 58 serve to provide a 
space between adjacent wells 54 as well as to prevent 
cross-flow of samples between adjacent wells 54. 
s In a competitive assay, an analyte and a tracer com- 
pete with a binder specific for the analyte and tracer. The 
tracer is the analyte or an appropriate analogue thereof 
which is coupled to a detectable label or marker. The 
tracer and analyte compete for a limited number of bind- 
10 ing sites on the binder, and the amount of tracer which 
is bound to the binder is inversely proportional to the 
amount of analyle in the sample. The amount of tracer, 
and the amount of analyte as well, can be determined 
by measuring the amount of label present. The label or 
is marker which is part of the tracer may be a detectable 
marker such as, for example, a radioactive isotope of, 
for example, iodine, cobalt or tritium, an enzyme, a flu- 
orescent dye, an absorbing dye, a chemiluminiescent 
substance, a spin label, biotin. a coloured part.cle or any 
20 other labelling substance known to one of ordinary skill 
in the art. A preferred label is comprised of coloured par- 
ticles such as, for example, colloidal gold. 

When a sandwich assay is employed, the binder 
which is specific for an analyte, is contacted with a sam- 
2S P |e containing or suspected of containing analyte. Ana- 
lyte present in the sample will bind with the binder. After 
the sample hasflowedpastthebinder intotheabsorbent 

material, the analyte-binder complex is then contacted 
with a tracer. The tracer is a ligand which is specific for 
30 the analyte to be assayed. For example, the tracer can 
be an antibody elicited in response to the analyte being 
assayed. The ligand is preferably labelled with a detect- 
able marker as described above, and the amount of an- 
alyte present in the sample is determined by the amount 
35 of label present on the surface of the absorbent. 

In an indirect sandwich assay, analyte bound to the 
supported binder is contacted with a binder for the an- 
alyte which becomes boundto analyte bound to the sup- 
ported binder. The tracer used in the assay is a labelled 
40 ligand which is bound by the binder boundto the analyte 
bound to the supported binder. 

In ELISA assay, the tracer or ligand is labelled with 
an enzyme, and the amount of analyte present in the 
sample to be assayed is determined by the amount of 
45 bound enzyme label present. An ELISA assay may be 
run as a sandwich assay or a competitive assay. 

In an agglutination assay a binder comprising par- 
ticles sensitized with an antigen or antibody specific for 
an analyte is contacted with a sample suspected of con- 
so taining the analyte. The presence of analyte is evi- 
denced by agglutination of the solid particles. 

The binder which is used in the assay in accordance 
with the present invention is dependent upon the analyte 
being assayed. For example, if the analyte is an antigen 
ss or hapten, the binder may be an antibody or a naturally 
occurring substance which is specific for the analyte. If 
the analyte is an antibody, the binder may be an anti- 
body, an antigen, or a naturally occurring substance 
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which is specific for the analyte. 

The assay may be employed for determining a wide 
variety of analytes. Examples of analytes which may be 
assayed in accordance with the present invention in- 
clude drugs, hormones, macromolecules, antiboides, 
microoganisms, toxins, polypeptides, proteins, polysac- 
charides, nucleic acids. The selection of suitable analyte 
is deemed to be within the scope of those skilled in the 
art. 

The absorbent material used for the assay in ac- 
cordance with the present invention may be any absorb- 
ent material having a porosity such that it is capable of 
retaining non-charged particles of at least 0.1 micron 
and no greater than 10 microns. The absorbent material 
is wettable (hydrophitic) and provides for capillary move- 
ment of liquids through the absorbent. Although the ab- 
sorbent material is capable of retaining non-charged 
particles of at least 0.1 micron and no greater than 10 
microns, assays may be conducted using the absorbent 
material of the present invention without the use of non- 
charged particles. 

The absorbent material used must provide for a 
proper regulation of flow of the sample through the ab- 
sorbent. The regulation of flow is important to control the 
interaction of the specimen with the binder on the sur- 
face of the absorbent. Fast flow will cause a loss in sen- 
sitivity because the analyte and binder do not have a 
sufficient time to react. If the flow past the surface and 
binder is too slow, enhanced nonspecific reactions can 
occur because nonspecific components in the specimen 
may not be adequately separated from the binder. Thus, 
properly regulated flow results in increased assay sen- 
sitivity. The absorbent preferably also prevents "back 
flow" of the sample to the surface of the absorbent. In 
addition, if the absorbent is divided into a plurality of test 
zones for performing a multiplicity of assays, the absorb- 
ent should prevent or minimize cross-flow of samples 
between test zones, thereby preventing contamination 
of sample in one test zone with sample(s) from another 
test zone(s). When an absorbent is divided into a plu- 
rality of test zones, a flow of materials which is too slow, 
in addition to causing enhanced non-specific reactions, 
may also cause cross-flow of samples between test 
zones. An absorbent in accordance with the present in- 
vention, and most preferably an absorbent having a po- 
rosity within the upper limits of the range hereinabove 
described, enables the sample to flow downwardly and 
quickly through the absorbent so as to prevent cross- 
flow while the speed of such flow is not too excessive 
such that the assays will have the requisite sensitivity. 
The absorbent may be housed within a housing or cas- 
ing made of plastics or of a fibre board. 

In one aspect, the absorbent is a non-fibrous mate- 
rial and in particular an absorbent porous plastic which 
is "wettable" and capable by itself of providing for cap- 
illary flow into the plastic. Examples of non-fibrous plas- 
tic absorbent materials which may be used include poly- 
olefin, polyester, porous polyvinyl chloride, and polys- 



tryrene. The porous plastic absorbent has a porosity or 
density as hereinabove described. The porous plastic, 
in a preferred embodiment, is impregnated with an ap- 
propriate material such as, for example, a cellulosic ma- 

s terial which provides the requisite porosity by filling in 
the pores of the plastic so as to provide a porous mate- 
rial with the requisite pore sizes as described above. 
The cellulosic material does not adversely affect the ab- 
sorbency and wettability of the plastic. A preferred cel- 

10 lulosic material is cellulose acetate. A preferred absorb- 
ent material is a porous polyethylene absorbent having 
a surface containing pores which were contricted by us- 
ing a cellulosic material. Such a support is sold by Porex 
Technologies Corp. of Georgia as the MEMPOR Porous 

is Plastics Matrix Support System. ("MEMPOR" is a Trade 
Mark). 

The porous plastic may be a hydrophobic porous 
plastic which is rendered hydrophilic, or wettable, by the 
addition of a wetting agent such as a surfactant. The 

20 surfactant may be applied to all or a portion of the porous 
plastic material (e.g., after the porous plastic support is 
impregnated with a cellulosic material). The plastic, 
which is hydrophobic, is contacted with a surfactant so 
as to render and/or a portion of the surface of the porous 

25 plastic hydrophilic, or wettable. The binder used in the 
assay is applied to the "wettable" portion of the porous 
material. If an insufficient amount of surfactant is ap- 
plied, the flow rates of specimen and of labelled antibody 
into the absorbent will be slowed, thus affecting the sen- 

30 sitivity of the assay. 

The surfactant may be applied to the entire surface 
of the support or to a portion of the surface, thus ren- 
dering either the entire surface or a portion of the surface 
hydrophilic. 

35 if one applies the surfactant carefully over the zone 
where the binder is to be located, the specimen and trac- 
er will be forced to flow into the zones of highest hy- 
drophilicity or wettability where the binder is located. 
The immunoconcent ration mechanism is thereby en- 

40 hanced, and the flow of specimen across the entire ab- 
sorbent surface is minimized. 

In an alternative aspect, the absorbent may be in 
the form of a pressed fibre disc. The pressed fibre is also 
hydrophilic, or wettable, and capable of providing for 

45 capillary flow into the fibre disc. The fibre disc also has 
a porosity or density which enables the disc to retain 
non-charged particles having a size of at least 0.1 mi- 
cron and no greater than 10 microns. The fibres are 
pressed so as to provide the requisite porosity or density 

50 as described above. The surface of the absorbent ma- 
terial which supports the binder is preferably a smooth 
surface in that it enhances the ability to read tracer on 
such surface. 

The surface of the absorbent material may be coat- 

55 ed or treated with a material to prevent non-specific ad- 
sorption, for example., BSA, or any other blocking sub- 
stance known in the art. 

A pressed fibre disc may be made by slurrying fibres 
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and mixing the fibres with an appropriate blocking pro- 
tein or proteins, buffers, and surfactants. A preferred 
slurry is comprised of polyester and cellulose acetate. 
The slurry is poured into a paper press. Excess aqueous 
material is removed during the pressing stage, the press 
is operated so as to press the disc to provide a density 
or porosity of the disc which is sufficient to hold non- 
charged particles of at least 0.1 micron and no greater 
than 10 microns. The press contains afine mesh , screen 
which makes the surface of the disc smooth The 
smoothness of the disc provides for the readability of 
the assay. In a preferred embodiment, the disc has fi- 
bres which will trap latex particles, microspheres, or oth- 
er non-charged particles on the surface o the disc. The 
fibres should also direct the flow of sample, tracer, and/ 
or reagents down through the trap, or binder, zone rather 
than directing flow radially from the trap zone. This en- 
ables the assay to achieve maximal sensitivity. 

In accordance with the present invention, the ab- 
sorbent is made of a porous ceramic material. The ce- 
ramic absorbent may be defined as a non-fibrous inor- 
ganic, porous matrix, the ceramic absorbent will have a 
uniform or identical porosity or density throughout the 
matrix which will enable the ceramic absorbent to retam 
non-charged particles having a size of at least 0.1 mi- 
cron and no greater than 10 microns. The ceramic ab- 
sorbent may have a pore size which preferably . > from 
about 0.5 micron to about 10 microns. Preferably the 
ceramic absorbent has a uniform porosity which is from 
about 1 0% to about 80%, most preferably at about 40 /o. 

The porous ceramic absorbent is microporous 
throughout, and nomacropores are present. The porous 
ceramic absorbent, in a preferred embodiment, is a uni- 
tized structure moulded as a unitary piece. The absorb- 
ent may be made from an aluminium oxide-contam.ng 
material, such as, for example, alumina. 

The porous ceramic absorbent may be produced 
from a raw material containing alumina with a range of 
purity of from about 50% to about 99.9% The alum na 
is milled to a uniform particle size and is then spray 
dried Subsequent to spray drying, the unform alumina 
is mixed with binders, release agents, and/or micropar- 
ticles to produce a uniform powder. Suitable micropar- 
ticles are those which will burst upon firing of the ceram- 
ic, thereby leaving pores in the ceramic material. Exam- 
ples of such microparticles include latex m.croparticles^ 
The powder may then be processed in a number of ways 
to produce greenware. Examples of such processing in- 
clude extrusion into rods, roll pressing into thin sheets 
or pill pressing toform any design, or injection moulding 
to form any design. Preferably, the powder is pill 

Pr6S The shape of the absorbent can vary depending up- 
on the design of the mould used in the pill pressing op- 
eration. The composition of the alumina, the binders the 

amount of material used and the pressing pressure will 
affect the porosity of the final product. The higher the 
p^ssingpressureand/orthefiringtemperature, the less 



porous the absorbent will be. The greenware is fired at 
a temperature effective to harden the 9^™*'°; ■*+ 
ferred firing temperatures are from about 1,00 C ° 
about 1,500'C. During the firing process, the binders, 
s release agents, and microparticles vaporize out of the 
alumina matrix, whereby pores are produced m the 
hardened ceramic. The temperature of the f.nng will af- 
fect the shrinkage of the absorbent and the porosity of 
the final ceramic absorbent product. The ceramic ab- 
10 sorbent,afterfiring.maybeevaluatedfor P oros.tyus,ng 

„ow rate analysis, water saturation tests, and mercury 
intrusion porosity tests. It is to be understood that the 
contact time of a sample with the surface of the ceramic 
absorbent is dependent upon the pore see of the ab- 
,5 sorbent. A larger pore size of the absorbent Prov-des for 
a faster flow of the sample through the absorbent and 
less contact time of the sample with the surface o the 
absorbent, whereas a smaller pore size provides for a 
slower flow of the sample through the absorbent and a 
20 greater contact time of the sample with the surface of 
the absorbent. To provide for the optimum contact time 
of the sample with the surface of the absorbent, the ce- 
ramic absorbent preferably has a pore size of from about 
0 5 micron to about 10 microns, as hereinabove stated. 
25 The flow rate may also be adjusted by varying the press- 
ing pressure and/or the firing temperature to accommo- 
date a variety of assay conditions and contact times. 

In accordance with yet another aspect, the absorb- 
ent material may further include a plurality of fibres .n- 
30 terspersed throughout the absorbent material. The fi- 
bres are parallel to each other and to the direct,o .of 
flow of a sample when a sample is applied to he surface 
of the absorbent. Preferably, the fibres are located ad- 
Scent to the pores of the absorbent. The fibres thus aid 
ss n directing the flow of sample through the trap o. £.nder 
zone, rather than directing flow radially from the trap 
zone Such an embodiment is particularly useful when 
the absorbent is divided into a plurality of test zones be- 
cause the fibres aid in preventing cross-flow of the sam- 

40 dISS 

When a porous plastic or ceramic absorbent is em- 
ployed, the fibres preferably are silica fibres coatee I with 
a ceramic material. When a pressed fibre disc, as here- 
inabove described, is employed, the disc may conta n 
45 cellulosic fibres which are parallel to each other and to 
the direction of flow of the sample. 

In accordance with the present invention, one can 
conduct an assay by placing a binder for an analyte (an- 
tigen, hapten, or antibody) on at least a portion oT me 
50 surface of the absorbent. The binder may be placed on 
the surface of the absorbent in the form of a spot or dis- 
pensed, sprayed, or printed onto the membrane surface 

to produce symbolic forms. The binder may be placed 
directly on the surface of the support (either by passive 
55 or covalent methods of attachment) or may be support- 
ed on solid particles, e.g., latex part.cles which are 
placed on the surface of the absorbent. The surface of 
the absorbent is then contacted with a sample suspect- 
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ed of containing an analyte. The binder which is sup- 
ported on the surface of the absorbent material is spe- 
cific for the analyte. Any analyte present will bind with 
the binder on the surface of the absorbent material and 
form an analyte-binder complex. The surface of the ab- 
sorbent is also contacted with a tracer simultaneously 
with or subsequent to contact with the sample. The trac- 
er is a labelled form of a ligand and the iigand employed 
is dependent on the assay format. In a competitive as- 
say, the ligand of the tracer is one which is bound by the 
binder for the analyte. In a sandwich assay the ligand 
of the tracer is bound by the analyte (direct assay) or 
bound by a binder for the analyte (indirect assay). When 
a sandwich assay is employed, the tracer is is preferably 
a a labelled form of a ligand which is specific for the an- 
alyte. In the assay, the analyte and tracer become bound 
to the supported binder (the tracer is directly bound to 
supported binder in a competitive assay and bound to 
the supported binder through the analyte in a sandwich 
assay) and therefore remain on the surface of the sup- 
port. The binding occurs while flowing the sample and 
tracer past the supported binder and any unbound por- 
tions flow into the absorbent by means of capillary 
movement through the absorbent. Typical flow rates, for 
example, may be from about 1 2 sec/ml to about 40 sec./ 
ml, although the present invention is not to be limited 
thereby. 

After one or more of the steps, one may wish to 
wash the surface which supports the binder, prior to a 
subsequent step. For example, in the case of a sand- 
wich assay, the surface may be washed subsequent to 
sample addition and prior to tracer addition and/or sub- 
sequent to tracer addition and prior to development 
thereof. The wash may contain standard aqueous buff- 
ers; e.g., phosphate and Tris buffers. The wash may al- 
so contain detergents and chaotropic agents to mini- 
mize nonspecific binding. 

The method of determination of analyte in the as- 
sayed sample depends upon the type of marker used in 
conjunction with the ligand or tracer. If a dye is used as 
a label or marker, it will appear on the surface of the 
absorbent and remain on the surface of the absorbent 
following any washing steps. In an enzyme label, a suit- 
able substrate is used to provide colour. The presence 
of radioactive, fluorescent, chemiluminescent, enzyme, 
chromogen, spin label, biotin, gold particles or other 
types of markers which remain on the surface of the ab- 
sorbent material can be determined by any means 
known in the art. 

The assay may be a qualitative or a quantitative as- 
say, and the term 'determining 8 as used herein means 
qualitative and/or quantitative determining of analyte. 

Representative examples of assays for specific an- 
alytes include assays for mononucleosis heterophile an- 
tibodies and for Group A Streptococcus. In an example 
of an assay for mononucleosis heterophile antibodies, 
a specimen suspected of containing mononucleosis 
heterophile antibody which is dispensed onto the sur- 



face of the absorbent material containing the binder or 
antigen and flows past the binder before being absorbed 
into the support. The binder can be bound (either by pas- 
sive or covalent methods) to a particle (i.e. latex) coated 
s on the absorbent surface, or bound directly to the ab- 
sorbent surface, or bound directly to the absorbent ma- 
terial by a passive or covalent process. The mononucl- 
eosis heterophile antibodies, when present, will be 
trapped to the binder (purified mononucleosis antigen). 
The tracer, which may be anti-human I gM or anti-human 
IgG, is then dispensed onto the surface and will bind to 
the human IgM or IgG heterophile antibodies bound to 
the binder. The tracer can be labelled with a variety of 
detectable markers such as, for example, a radioactive 
isotope of, for example, iodine, cobalt or tritium, en- 
zymes, fluorescent dyes, absorbing dyes, metals, 
chemiluminescent substances, spin labels, biotin, gold 
particles or any other labelling substance known to one 
of ordinary skill in the art. If heterophile antibodies are 
not present in the specimen, detectable levels of the 
tracer will not bind to the absorbent surface. Unbound 
tracer can be removed using a wash step. The wash 
step may require the use of a combination of detergents 
and chaotropic agents to minimize nonspecific binding 
to the surface of the absorbent parts. A wash step may 
also be omitted from the assay depending upon the sig- 
nal to noise ratio. For example, dye based systems can 
use conjugates in a diluted form in a sufficient volume 
so as to increase this ratio. In enzyme based systems, 
the conjugate and/or substrate can double as a washing 
mechanism. With tracers made from dye conjugates, 
the reactions can be visualized immediately after the 
wash buffer is absorbed into the device. If an enzyme is 
used as the tracer, the addition of an enzyme substrate 
produces a coloured product which will be visualized on 
the surface of the absorbent device. In the absence of 
mononucleosis antibodies, the labelled antibody will not 
bind to the binder. In this case, the enzyme will not be 
bound to the surface and will not generate a coloured 
product. 

In an example of an assay for Group A Streptococ- 
cus, a specimen swab suspected of containing Group A 
Streptococus is suspended in an extraction buffer (i.e., 
chemical or enzymatic) known to one of ordinary skill in 
the art. After a brief period of incubation, the Group A 
specific carbohydrate antigens are exposed, the extract 
can be neutrailized to improve the binding of antigen to 
antibody. A portion of the extract is applied to the surface 
of the absorbent material which contains a binder. The 
binder can be bound to a particle (i.e. latex or other ap- 
propriate microsphere) coated on the absorbent sur- 
face, or bound directly to the absorbent material by a 
passive or covalent process. The binder may be purified 
polyclonal antibody prepared against the Group A spe- 
cific carbohydrate antigen. As the extract passes by the 
binder, the Group A antigen, when present, will be 
trapped by the binder containing antibody. The tracer, 
which can be a polyclonal or monoclonal antibody spe- 
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cific for the Group A carbohydrate, is then dispensed 
onto the absorbent material and allowed to absorb into 
the device. The tracer, in this instance, can be labeled 
with a variety of detectable markers such as described 
above or any other labelling substance known to one o 
ordinary skill in the art. If Group A antigens are ncrt 
present in the extract, detectable levels of the tracer wiH 
Sot bind to the absorbent surface. Unbound tracer can 
be removed using a wash step as described above The 
wash step may require the use of a combination of de- 
tergents and chaotropic agents to minimize nonspecific 
binding to the surface of the absorbent parts. With trac- 
ers made from dye conjugates, the reactions can be vis- 
ualized immediately after the wash buffer ■ . absorbed 
into the device. If an enzyme is used as the tracer, the 
addition of an enzyme substrate produces a coloured 
product which will bind to the surface of the absorbent 
device. In the absence of Group A Streptococcus an .- 
qen the labelled anlibody will not bind to the binder. In 
This case the enzyme will not be bound to the surface 
and will not generate a coloured product 

The following Example illustrates the formation of a 
porous plastic support and an assay employing this sup- 
port. 

EXAMPLE 



in the form of a Plus *+' sign. 

The surface of the porous plastic support is then 
contacted with 0.5% goat serum so as to prevent non- 
specific adsorption, 
s The assay is then conducted as follows. 

150 ul of human serum is placed on the surface of 
the porous plastic support and adsorbed into the sup- 
port Then, 100 pi of colloidal gold, conjugated to goat 
antiihuman igM. is placed on the porous plastic support 
10 250 to 500 pi of IM guanidine and 5% Triton - X wash 
buffer are then added. The surface of the porous plastic 
support is then read in order to determine the presence 
of mononucleosis antibody. If mononucleosis antibody 
is present in the sample, the conjugate of colloidal gold 
is and goat anti-human IgM will bind to the mononucleosis 
antibody which is bound to the mononucleosis antigen 
as well as to the human IgM. A plus sign will appear 
on the surtaceof the support. If mononucleosisanttoody 

is not present in the sample, the conjugate will bind only 
20 to the human IgM, and a minus '-■ sign will appear on 
the surface of the support. 
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A porous plastic support is prepared from a mixture 
of liquefied polyethylene and a surfactant. The liquefied 
polyethylene and surfactant mixture becomes shaped 
into a cylindrical plastic support having an approximate 
pore size of from about 5 microns to about 30 microns. 
A slurry of cellulose acetate is then added to the surface 
of the plastic support. The cellulose acetate becomes 
absorbed into the plastic support and is allowed to dry 
The cellulose acetate is added in an amount so as to 
provide pore sizes on the support from about 0.1 to 
about 10 microns. . 

The plastic support, which is hydrophobic, is then 
contacted with Verion surfactant. The surfactant is add- 
ed to the surface of the support, whereby the support is 
impregnated with the surfactant so as to produce a hy- 

drophilic surface. •„.„.;„„ 
The solid support is prepared for use in conjuct.on 
with a mononucleosis assay as follows: 

Polystyrene latex particles are covalently coated 
with mononucleosis antigen prepared from bovine cell* 
The mononucleosfe antigen employed in this example 
was purchased from Meridian Diagnostics. The latex 
particles are then placed on a portion of the surface of 
fhe solid support. Polystyrene latex particles ; which , are 
passive* coated, or loaded, with human IgM arc then 
placed on another portion of the solid support. This por- 
tion intersects the portion of the support where the pol- 
ystyrene latex particles coated with mononuc eos.s an- 
iigen were placed. The zones of placement of the la ex 
particles coated with mononucleosis antigen and of the 
polystyrene latex particles coated with human IgM are 



1 An assay for determining analyte which comprises 
applying a sample containing analyte to a surface 
of a microporous ceramic absorbent material which 
is of uniform microporosity throughout to enable 
30 said material to retain non-charged particles having 
a size of at least 0.1 micron and no greater than 1 0 
microns and which supports at least one binder for 
the analyte; and determining analyte retained ther- 
eon. 

35 2 . An assay according to claim 1 . wherein the assay 
is a competitive assay. 



3. An assay according to claim 1 . wherein the assay 
40 is a sandwich assay. 

4. An assay according to claim 1 . wherein the assay 
is an ELISA assay. 

45 5 a device which comprises a microporous ceramic 
' absorbent material which is of uniform porosity 
throughout to enable said material to retain non- 
charged particles having a size of at least 0.1 mi- 
cron and no greater than 10 microns and which sup- 
so ports at least one binder. 

6 A device according to claim 5. wherein the porous 
' ceramic absorbent has a pore size of from about 
0.5 microns to about 10 microns. 

55 7 A device according to claim 5. wherein said porous 
ceramic absorbent is a unitary structure. 
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Patentanspruche 

1 . Assay zur Analytbestimmung, der das Auftragen ei- 
ner den Analyt enthaltenden Probe auf eine Ober- 
flache eines mikroporosen keramischen Absorpti- 
onsmaterials umfaBt, das ganz von gleichformiger 
Mikroporosrtat ist, um genanntem Material zu er- 
moglichen, nicht geladene Partikel, die eine GroBe 
von mindestens 0,1 u.m und nicht groBer als 10 |im 
autweisen, zuruckzuhalten und das mindestens ein 
Bindemittel fur den Analyt halt; und Bestimmung 
des darauf zuruckgehaltenen Analyts. 

2. Assay nach Anspruch 1 , worin der Assay ein kom- 
petitiver Assay ist. 

3. Assay nach Anspruch 1 , worin der Assay ein Sand- 
wich-Assay ist. 

4. Assay nach Anspruch 1 , worin der Assay ein ELI- 
SA-Assay ist. 

5. Vorrichtung, die ein mikroporoses keramisches Ab- 
sorptionsmaterial umfaBt, das ganz von gleichfor- 
miger Porositat ist, um genanntem Material zu er- 
moglichen, nicht geladene Partikel, die eine GroBe 
von mindestens 0,1 um und nicht groBer als 10 um 
autweisen, zuruckzuhalten und das mindestens ein 
Bindemittel halt. 

6. Vorrichtung nach Anspruch 5, worin das porose ke- 
ramische Absorptionsmittel eine PorengroBe von 
circa 0,5 u.m bis circa 10 um aufweist. 

7. Vorrichtung nach Anspruch 5, worin genanntes po- 
roses keramisches Absorptionsmittel eine einheitli- 
che Struktur ist. 



Revendication© 

1. Essai pour determiner un analyte qui comprend le 
fait d'appliquer un echantillon contenant un analyte 
sur une surface d'un materiau absorbant c6ramique 
microporeux qui a une microporosite uniforme en 
tout point pour permettre audit materiau de retenir 
des particules non chargees ayant une taille d'au 
moins 0,1 micrometre et ne depassant pas 10 mi- 
crometres, et qui supporte au moins un liant pour 
I'analyte ; et le fait de determiner I'analyte retenu sur 
celui-ci. 

2. Essai seton la revendication 1 , dans lequel I'essai 
est un essai comp6titif. 

3. Essai selon la revendication 1 , dans lequel I'essai 
est un essai en sandwich. 



4. Essai selon la revendication 1, dans lequel I'essai 
est un essai ELISA. 

5. Dispositif qui comprend un materiau absorbant c6- 
s ramique microporeux qui a une porosite uniforme 

en tout point pour permettre audit materiau de rete- 
nir des particules non chargees ayant une taille d'au 
moins 0,1 micrometre et ne depassant pas 10 mi- 
crometres, et qui supporte au moins un liant. 

70 

6. Dispositif selon la revendication 5, dans lequel le 
materiau absorbant ce ramique poreux a une taille 
de pores d'environ 0,5 micrometre a environ 10 mi- 
crometres. 

15 

7. Dispositif selon la revendication 5, dans lequel ledit 
materiau absorbant ceramique poreux est une 
structure unitaire. 
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